Many monogamous birds and fish perform displays towards mates that are either identical or very similar to threat displays. Uncertainty in partner recognition may be a key to explaining this behaviour in the monogamous butterflyfish Chaetodon lunulatus. From a causal perspective, when partner recognition is uncertain, the butterflyfish may follow the same decision rules as in territorial interactions with nonpartners. From this hypothesis, I derived three predictions of the frequencies of social behaviours, that is, solo displays, mutual displays, attacks and rejoinings. If the frequencies are S, M, A and R, respectively, the predictions are that (1) M/(M+A) and M/(M+S) should be higher in rejoining situations than in a pair-swimming situation; (2) (M+S)/R and (M+A)/R should increase with the duration of separation; and (3) M/(M+A) should be larger than M/(M+S). To test the predictions, I made field observations. The results supported all of these predictions. Therefore, I suggest that uncertainty of partner recognition causes the butterflyfish to perform the tail-up display, which is usually used in territorial interactions, towards the partner. From a functional perspective, this hypothesis implies that the display serves to reduce the risk of failure to recognize a partner, which could result in an attack. The display causes the conspecific to hesitate before attacking, providing sufficient time for partner recognition. Field data indicated that more than 70% of dangerous attacks were prevented by a tail-up display.
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Partner recognition may develop during a pair bond in monogamous animals (Fricke 1973; Halliday 1983) . However, monogamous birds and fish often perform displays towards mates that are either identical or very similar to threat displays. For example, gulls use threat displays, such as choking and mewing, not only in territorial disputes, but also during pair formation and in meeting rituals (Tinbergen 1959) . In fish, lateral display is a typical behaviour in agonistic encounters, and is usually considered to be a 'low-level threat'. Lateral displays are performed towards potential mates during pair formation, and towards mating partners in daily greeting rituals following the establishment of a pair bond (Baerends & Baerends-Van Roon 1950; Barlow 1962; Chiszar 1978; Yanagisawa 1982) . From a causal perspective, threat displays have been explained as resulting from a motivational conflict between simultaneously aroused approach and avoidance tendencies, and both territorial disputes and courtship are thought to involve such conflicts (Tinbergen 1959; McFarland 1993 ). However, why should such motivational conflict arise in interactions between mutually recognized partners?
Recognition in animals is often far from perfect. Uncertainty arises for various reasons, such as noise, decay, incomplete information, perceptual errors and bias of cognitive mechanisms. Uncertainty in recognition affects how animals communicate and how signal designs evolve (Enquist & Leimar 1983; Gerhardt 1983; Johnstone 1994; Enquist & Aral 1998; Johnstone & Earn 1999; Lengagne et al. 1999) . In this study, I attempt to introduce the concept of uncertain recognition into a causal and functional explanation of intrapair display in the monogamous butterflyfish Chaetodon lunulatus.
Butterflyfish (family: Chaetodontidae) are abundant and conspicuous in coral reefs. They have colourful, very compressed bodies, and show little sexual dimorphism. Monogamous pair bonds and territoriality are observed in many butterflyfish (Roberts & Ormond 1992) . Chaetodon lunulatus inhabits the Pacific Ocean. Although it was formerly designated a Pacific subspecies of C. trifasciatus, it has recently been recognized as a distinct species (Kuiter 1995 
